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ABSTRACT
Using a compiled sample of 34 broad-line active galactic nuclei (AGNs) with measured
Hβ time lags from the reverberation mapping (RM) method and measured bulge stellar veloc-
ity dispersions σ∗ , we calculate the virial factor f by assuming that the RMAGNs intrinsically
obey the sameMBH−σ∗ relation as quiescent galaxies, whereMBH is the mass of the super-
massive black hole (SMBH). Considering four tracers of the velocity of the broad-line regions
(BLRs), i.e., the Hβ line width or line dispersion from the mean or rms spectrum, there are
four kinds of the factor f . Using the Hβ Full-width at half-maximum (FWHM) to trace the
BLRs velocity, we find significant correlations between the factor f and some observational
parameters, e.g., FWHM, the line dispersion. Using the line dispersion to trace the BLRs ve-
locity, these relations disappear or become weaker. It implies the effect of inclination in BLRs
geometry. It also suggests that the variable f inMBH estimated from luminosity and FWHM
in a single-epoch spectrum is not negligible. Using a simple model of thick-disk BLRs, we
also find that, as the tracer of the BLRs velocity, Hβ FWHM has some dependence on the
inclination, while the line dispersion σHβ is insensitive to the inclination. Considering the
calibrated FWHM-based factor f from the mean spectrum, the scatter of the SMBH mass is
0.39 dex for our sample of 34 low redshift RM AGNs. For a high redshift sample of 30 SDSS
RM AGNs with measured stellar velocity dispersions, we find that the SMBH mass scatter
is larger than that for our sample of 34 low redshift RM AGNs. It implies the possibility of
evolution of theMBH − σ∗ relation from high-redshift to low-redshift AGNs.
Key words: galaxies: active galaxies: nuclei galaxies: Seyfert quasars: emission lines
quasars: general
1 INTRODUCTION
It is believed that active galactic nuclei (AGNs) are powered by ac-
cretion mass onto the central supermassive black holes (SMBHs),
which are also assumed to exist in the center of all quiescent
galaxies (Kormendy & Richstone 1995). There are mainly two pa-
rameters for SMBHs, i.e., mass (MBH ) and spin, which need
to be determined. For a few very nearby (< 100 Mpc) qui-
escent galaxies, including our Galaxy, SMBHs masses can be
measured through the stellar or gaseous dynamics method (e.g.
Tremaine et al. 2002; McConnell et al. 2011). It has been found
the nearby quiescent galaxies follow a tight correlation between
the central SMBHs mass and the bulge or spheroid stellar veloc-
ity dispersion (σ∗ ) calledMBH−σ∗ relation (Ferrarese & Merritt
2000; Gebhardt et al. 2000; Kormendy & Ho 2013),
log
MBH(σ∗)
109M⊙
= α+ β log
σ∗
200km s−1
, (1)
⋆ E-mail: whbian@njnu.edu.cn
Considering different definition of σ∗ and different bulge type,
there are different values of index β and intercept α (e.g.
Kormendy & Ho 2013).
Because of a limit of space resolution and outshining the host
for faraway AGNs, it is much more difficult to derive the SMBHs
masses through stellar or gaseous dynamics method. AGNs can be
classified into type 1 or type 2 AGNs, depending on whether the
broad-line regions (BLRs) can be viewed directly. For type 1 AGN,
BLR can be used as a probe of the gravitational potential of the
SMBHs, and SMBHs masses can be derived as follows,
MBH = f
RBLR (∆V )
2
G
≡ fVP, (2)
where RBLR is the distance from black hole to the BLRs, ∆V
is the velocity of BLRs clouds, G is the gravitational constant.
∆V is usually traced by the Full-width at half-maximum (FWHM)
or the line dispersion (σHβ) of Hβ emission line measured from
the mean or rms spectrum. VP is the so-called virial product,
VP = RBLR (∆V)
2/G. f is a virial coefficient to character-
ize the kinematics, geometry, inclination of the BLRs clouds. For
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type 2 AGNs, torus obscures BLRs in the line of sight, which
makes broad lines invisible, except in some of the polarization
spectra (e.g. Zhang et al. 2008). Using the MBH − σ∗ relation,
the SMBH masses in type II AGNs are mainly derived from σ∗
(Kauffmann et al. 2003a,b; Bian et al. 2006).
Considering the photon-ionization model of BLRs in AGNs,
RBLRs can be estimated from the reverberation mapping (RM)
method (e.g. Blandford & McKee 1982; Peterson 1993). The vari-
ation in the continuum would lead to the changes in the broad-line
emission delayed by a lag time τ = RBLRs/c. The lag time of τ
was successfully measured by the RMmethod for nearly 120 AGNs
(e.g. Peterson et al. 2004; Grier et al. 2017b; Du et al. 2018). For
RM AGNs, an empirical RBLR − L5100 relation is also suggested,
where L5100 is the continuum luminosity at 5100 A˚ (Kaspi et al.
2000, 2005; Bentz et al. 2013; Du et al. 2018). The complexity of
this relation is beyond the scope of this paper (e.g. Du et al. 2018).
Comparing the scatter of different VP based on the line dis-
persion or FWHM of Hβ measured from the rms or mean spec-
trum, Peterson et al. (2004) preferred the VP based on σHβ from
the rms spectrum. f was therefore assumed as a constant. How-
ever, f may be different for each object. Assuming BLRs veloc-
ity distribution is isotropic, f = 0.75 when ∆V is traced by
Hβ FWHM (Netzer 1990). Given the complicated structures of
BLRs inferred from the velocity-binned RMs, f is most likely
to vary from object to object (e.g. Xiao et al. 2018). By mod-
elling simultaneously the AGNs continuum light curve and Hβ
line profiles, some BLRs dynamical models found that there was
a wide range of f and f has a correlation with the inclination
angle, or MBH (e.g. Pancoast et al. 2014; Grier et al. 2017a;
Williams et al. 2018; Pancoast et al. 2018; Li et al. 2018). It was
suggested that the geometry of BLRs was thick disk, the kinemat-
ics of BLRs can de described by elliptical orbits or inflowing or
outflowing trajectory (Williams et al. 2018). f can also be derived
through theMBH calculated from resolved Paα emission region by
Very Large Telescope Interferometry (VLTI, Sturm et al. 2018),
the accretion disk model fit of AGNs spectral energy distribution
(SED) (Mejia-Restrepo et al. 2018), or X-ray variability(Pan et al.
2018), which are assumed to be independent of inclination. For the
SMBHs binary with their own BLRs, complexity of the broad-line
profiles was suggested, which would lead to the complexity of f
(e.g. SongSheng et al. 2019).
If AGNs follow the same MBH − σ∗ relation as quiescent
galaxies, scaling the RM AGNs with measured stellar velocity dis-
persion σ∗ to the quiescent galaxies yields an empirical calibration
of the average value of the factor f in Equation 1. This is a com-
monly approach to derive the mean value f . Based on the early
MBH − σ∗ relation (Ferrarese & Merritt 2000; Tremaine et al.
2002), Onken et al. (2004) suggested fσ,rms=5.5 for σHβ-based
VP from the rms spectrum for a sample of 16 RM AGNs. With
larger samples, others also found a consistent f (e.g. Woo et al.
2010; Graham et al. 2011; Grier et al. 2013; Ho & Kim 2014). In
addition to the average f , it was also suggested a systematically
smaller f for AGNs with bars/pseudobulges (e.g. Graham et al.
2011; Ho & Kim 2014).
Based on a sample of 14 RM AGNs with measured σ∗ ,
Collin et al. (2006) suggested that f based on FWHM(Hβ) has
a dependence on FWHM(Hβ), σHβ , and their ratio DHβ =
FWHM(Hβ)/σHβ . For a sample of 24 RM AGNs with σ∗ includ-
ing Lick AGNRM project, Woo et al. (2010) found that there were
no strong correlations between f and parameters, such as the Ed-
dington ratio or line-shape measurements (see their Figure 6).
In this paper, using a larger sample of 34 RMAGNs with mea-
sured σ∗ , we calculate the factor f from RM VP and σ∗-based
MBH . We investigate the relation between the factor f and other
observational parameters. Section 2 presents our sample. Section 3
is data analysis and Section 4 is discussion. Section 5 summaries
our results. All of the cosmological calculations in this paper as-
sume ΩΛ = 0.7, ΩM = 0.3, andH0 = 70 km s
−1Mpc−1.
2 SAMPLE
Up to now, there are about 120 AGNs with measured Hβ /Hα lags
from the RMmethod (e.g. Grier et al. 2017b; Du et al. 2018). Our
sample consists of 34 low redshift broad-line AGNs (z less than 0.1
except PG 1617+175) with both measured Hβ lags and reliable σ∗
, which allows us to calibrate the factor f based on theMBH − σ∗
relation. 32 out of these 34 RMAGNs are selected from Ho & Kim
(2014), who had imaged these objects and classified them into three
bulge types: elliptical, classical bulges and pseudobulge. For Fairall
9, the stellar velocity dispersion is adopted from its near-infrared
spectrum (Oliva et al. 1995). Beyond the sample of Ho & Kim
(2014), there are two additional objects. The first one is an early-
type galaxy NGC 5273 from Bentz et al. (2014). The second one is
MCG+06-26-01 with pseudobulge. Its RM result is from Du et al.
(2015) and its stellar velocity dispersion is adopted fromWoo et al.
(2015). For our sample of these 34 RM AGNs, there are 8 classi-
fied as ellipticals, 9 classified as classical bulges, 17 classified as
pseudobulges. Here we do not use a high-z sample of 44 AGNs
(z ∼ 0.1 − 1.0) from the Sloan Digital Sky Survey (SDSS) RM
Project Grier et al. (2017b) with measured Hβ /Hα lags to do the
calibration of f . There are 30 out of 44 AGNs with measured σ∗
by Shen et al. (2015). We use this high-z sample to investigate the
evolution of theMBH − σ∗ relation.
In this paper, considering different host type of RMAGNs, the
relations between the factor f and observational parameters are in-
vestigated, as well as the BLRs physics. For the Hβ emission line,
there are four kinds of parameters to trace the BLRs velocity ∆V
from the mean and rms spectrum, i.e., FWHMmean , σHβ,mean ,
FWHMrms , σHβ,rms , respectively. The ratio of the FWHM(Hβ)
to σHβ is defined as DHβ , i.e., DHβ (mean)=FWHMmean
/σHβ,mean , DHβ (rms)=FWHMrms /σHβ,rms . The value of DHβ
is 2.35, 3.46, 2.45, 2.83, and 0 for a Gaussian, a rectangular, a
triangular, an edge-on rotating ring, and a Lorentzian profile, re-
spectively. DHβ depends on the line profile and gives a simple,
convenient parameter that may be related to the dynamics of the
BLRs (Collin et al. 2006; Du et al. 2016). The Eddington ratio
LBol /LEdd is an important parameter describing the SMBH ac-
cretion process, where LBol and LEdd are the bolometric lumi-
nosity and the Eddington luminosity, respectively. It depends on
the estimations of MBH (σ∗) and LBol , where LBol = k5100 ×
λLλ(5100 A˚), and k5100 = 9. The bolometric correction coeffi-
cient k5100 was suggested to have a dependence on the luminosity
or the Eddington ratio (e.g. Marconi et al. 2004; Jin et al. 2012).
RFe (the ratio of optical Fe II and Hβ flux) has a correlation with
Eigenvector 1 (EV1) from principal component analysis (PCA),
which has been demonstrated to be driven by the Eddington ratio
(Boroson & Green 1992; Sulentic et al. 2000; Shen & Ho 2014;
Ge et al. 2016). We can also use RFe to demonstrate the Edding-
ton ratio.
Properties about our sample of 34 RM AGNs for calibration
are presented in Table 1. Col. (1-2) give the source name and the
alternate name. Col. (3) is RFe measured by Du et al. (2016). Col.
(4) is the stellar velocity dispersion σ∗ . Col. (5) is the bulge type,
MNRAS 000, 000–000 (0000)
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E is elliptical, CB is classical bulge and PB is pseudobulge. Col.
(6) is host-corrected monochromatic luminosity at 5100 A˚. Col.
(7) is the rest-frame Hβ lag in units of days. Col. (8) is the broad
Hβ FWHMmean from the mean spectrum. Col. (9) is the broad Hβ
FWHMrms measured from the rms spectrum. Col.(10) is the broad
Hβ line dispersion σHβ,mean from the mean spectrum. Col. (11) is
the broad Hβ line dispersion σHβ,rms measured from the rms spec-
trum. Col. (12) is virial product calculated based on FWHMmean
. Col. (13) is virial product calculated based on σHβ,mean . Col.
(14) is virial product calculated based on FWHMrms . Col.
(15) is virial product calculated based on σHβ,rms . Col. (16)
is references for these data (i.g. Oliva et al. 1995; Collin et al.
2006; Wang et al. 2014; Bentz et al. 2014; Ho & Kim 2014;
Woo et al. 2015; Du et al. 2015, 2016; Williams et al. 2018).
Col.(4)-Col.(11) are mainly from Ho & Kim (2014), the remain-
ing data come from Williams et al. (2018) marked with super-
script a, Barth et al. (2015) marked with superscript b, table 1 in
Du et al. (2016) marked with superscript c, table 7 in Du et al.
(2015) marked with superscript d, table 1 in Collin et al. (2006)
marked with superscript e, Bentz et al. (2014) marked with super-
script f, Woo et al. (2015) marked with superscript g, Wang et al.
(2014) marked with superscript h, and Oliva et al. (1995) marked
with superscript i. For the high-z sample of 30 SDSS RM AGNs,
we also present their z, σ∗ , four kinds of velocity of Hβ /Hα and
the corresponding VP in Table 2. There are 10 AGNs with both
measurements of Hα and Hβ lags.
3 DATA ANALYSIS
3.1 Distributions of the factor f
To calibrate the virial factor f in Equation 2, we need other inde-
pendent SMBH mass measurements for these RM AGNs. Using
the MBH − σ∗ relation of quiescent galaxies (Kormendy & Ho
2013), we derive the black hole masses for our sample, except
NGC3227 and NGC 4151. For NGC 3227 and NGC 4151, their
SMBHs masses were give through the stellar dynamic method
(Davies et al. 2006; Onken et al. 2014). For coefficients in the
MBH − σ∗ relation shown in Equation 1, β = 4.38 ± 0.29, α =
−0.51±0.05 for ellipticals and classical bulges (Kormendy & Ho
2013), and β = 4.38 ± 0.29, α = −1.09 ± 0.05 for pseudobulge
(Ho & Kim 2014). For pseudobulge with the same σ∗ , the σ∗ -
based MBH is smaller and scaled by a factor of 10
[1.09−0.51] =
3.80 when using α = −1.09 instead of α = −0.51. With available
σ∗ , we calculate SMBHs masses, and then calculate the virial fac-
tor f for individual source from Equation 2. There are four kinds of
VP from four kinds of tracers of∆V , i.e., VPF,mean , VPσ,mean ,
VPF,rms , VPσ,rms calculated from Hβ FWHMmean , σHβ,mean ,
FWHMrms , σHβ,rms , respectively. Therefore, there are four kinds
of f as follows,
fF,mean =
MBH(σ∗)
VPF,mean
, fσ,mean =
MBH(σ∗)
VPσ,mean
,
fF,rms =
MBH(σ∗)
VPF,rms
, fσ,rms =
MBH(σ∗)
VPσ,rms
,
(3)
For pseudobulge with the same σ∗ , the factor f is smaller and
scaled by a factor of 3.80 when using smaller α and same slope of
β = 4.38 in theMBH − σ∗ relation, i.e., α = −0.51 (PB unscaled
f ), and α = −1.09 (PB scaled f by a factor of 3.80) (Ho & Kim
2014). The errors of virial coefficient log f can be calculated from
the errors of VP andMBH , i.e., the errors of the ∆V , the Hβ lag
and σ∗ as follows (only including the observational uncertainties),
δ log f =
√
(δ log V P )2 + (δ logMBH)2, (4)
where the error of logMBH is δ logMBH = 4.38 × δ log σ∗.
δ logMBH ∼ 0.19 dex for 10% percent uncertainty in σ∗ . The
error of four kinds of VP can be derived from,
δVPF,mean = VPF,mean
√
(
δτ
τ
)2 + (2
δFWHMmean
FWHMmean
)2,
δVPσ,mean = VPσ,mean
√
(
δτ
τ
)2 + (2
δσHβ,mean
σHβ,mean
)2,
δVPF,rms = VPF,mean
√
(
δτ
τ
)2 + (2
δFWHMrms
FWHMrms
)2,
δVPσ,rms = VPσ,rms
√
(
δτ
τ
)2 + (2
δσHβ,rms
σHβ,rms
)2,
(5)
In Table 3, we presentMBH and four kinds of f of low-z AGN RM
sample for our calibration. For one source with multiple RM mea-
surements, we calculate a mean value of log f to do the calibration.
Considering a scaled factor of 3.80 for pseudobulges, we also give
the values of f in the bracket in Table 3.
In Fig. 1, we show the distributions of four kinds of the factor
f . The red line is the f distribution for our total sample excluding
pseudobulges. The black line and the blue dash-line are the f distri-
butions for our total sample adopting differentMBH − σ∗ relation
for pseudobulges withα = −0.51 (PB unscaled f ) andα = −1.09
(PB scaled f by a factor of 3.80), respectively. The mean value and
the standard deviation of f are shown in each panel (see also Table
4). Each kind of f has a range of about two order of magnitude.
We separate the sample into Population 1 (Pop 1) and Popu-
lation 2 (Pop 2) following the suggestion by Collin et al. (2006).
Population 1 is DHβ (mean) < 2.35 and Population 2 is DHβ
(mean) ≥2.35, where DHβ (mean) is measured from the mean
spectrum. We also separate the sample into Population A (Pop A)
and Population B (Pop B) (Sulentic et al. 2000), Population A is
FWHMmean < 4000 km s
−1 and FWHMmean ≥ 4000 km s
−1.
We calculate the average values of the factor f for these popula-
tions for all sources, and all sources excluding pseudobulges shown
in Table 4.
For different kinds of f , K-S tests are present in the last
two lines in Table 4 between Pop 1 and Pop 2, and between Pop
A and Pop B. For Pop A and Pop B with a divided value of
FWHM(Hβ) = 4000 km s−1, the null hypothesises in K-S test
that the data sets of fF,mean are drawn from the same distribu-
tion prob(KS) is smaller than that of fσ,mean for total sample or
sample excluding pseudobulges (Values of prob(KS) < 0.10 are
highlighted in boldface in Table 4). It is same for f from the rms
spectrum. About K-S test between Pop A and Pop B, for all AGNs
with PB scaled by a factor of 3.80, prob(KS) is 0.08 for fF,mean
and 0.09 for fF,rms. Their significances are only higher than 1σ,
but weaker than 2σ. For all AGNs with PB unscaled by a factor
of 3.80, prob(KS) becomes smaller, 0.03 for fF,mean and 0.01 for
fF,rms. Their significances are higher than 2σ, but weaker than 3σ.
For ellipticals and classical bulges, prob(KS) is 0.04 for fF,mean
and 0.01 for fF,rms, which are higher than 2σ, but weaker than 3σ.
Therefore, these differences between Pop A and Pop B exist but
not significant. For all AGNs with PB unscaled by a factor of 3.80,
prob(KS) is 0.10 for fσ,mean and 0.12 (about 1σ) for fσ,rms. These
values for σHβ-based f are larger than that for the corresponding
FWHM(Hβ) - based f . It implies that the FWHM-based f has a
MNRAS 000, 000–000 (0000)
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Figure 1. The distributions of four kinds of the factor f , i.e., fF,mean, fF,rms, fσ,mean, fσ,rms from left to right and from top to bottom, respectively. The
red line is the f distribution for our sample excluding pseudobulges. The black line and the blue dash-line are the f distributions for our total sample adopting
differentMBH− σ∗ relation for pseudobulges with α = −0.51 (PB unscaled f ) and α = −1.09 (PB scaled f by a factor of 3.80), respectively. The vertical
dashed-line denote the mean value of f for these three kinds of distributions. The mean value and the standard deviation of f are shown in each panel.
relation with FWHM, while σ-based f dose not has a relation with
FWHM. It is consistent with the result by Collin et al. (2006).
Considering σHβ from the mean/rms spectra for ellipticals and
classical bulges, the average value of the factor of σHβ-based f ,
log fσ,mean = 0.76 ± 0.34, and log fσ,rms = 0.78 ± 0.37. It is
consistent with the results by others (e.g. Ho & Kim 2014). In-
cluding pseudobulges and the same MBH − σ∗ relation like clas-
sical bulges, the average value of the factor f would be larger. In-
cluding pseudobulges and theMBH−σ∗ relation for pseudobulges
suggested by Ho & Kim (2014), the average value of the factor f
would be smaller. Using FWHM(Hβ) as the ∆V tracer from the
mean/rms spectra for ellipticals and classical bulges, the average
value of FWHM(Hβ)-based f , log fF,mean = 0.08 ± 0.46, and
log fF,rms = 0.17 ± 0.40. They are about 4-5 times smaller than
that derived from σHβ . Including pseudobulges, they has the same
trend like the case of σHβ-based f .
3.2 The relation of f with observational parameters
In Table 4, we notice that FWHM-based f is indeed a bias quan-
tity affected by Hβ FWHM or DHβ but σHβ-based f is a less
biased quantity, which is consistent with Collin et al. (2006). To
investigate the relations between the virial factor f and the obser-
vational parameters, we use the observational parameters of σ∗ ,
FWHMmean , σHβ,mean , DHβ (mean), FWHMrms , σHβ,rms ,
DHβ (rms), RFe , τ and λLλ(5100A˚) . For pseudobulges, we use
the same MBH − σ∗ relation like elliptical and classical bulges to
calculate f , or a scaledMBH − σ∗ relation by Ho & Kim (2014).
We calculate the Spearman correlation coefficient Rs and proba-
bility of the null hypothesis pnull between f and these observa-
tional parameters, which are presented in Table 5. We highlight the
correlations in boldface with the significant value (|Rs| > 0.5 or
pnull < 0.01) in Table 5. If adopting different MBH − σ∗ relation
for pseudobulges, the smaller intercept by a factor of 3.8 according
to Ho & Kim (2014), it would lead to a smaller f by a factor of
3.8 and the weakness of correlations with large correlation coeffi-
cients for total sample (Table 5). It was suggested that both active
galaxies hosting pseudobulges and active galaxies with central bars
may follow the same MBH − σ∗ relation of the elliptical/classical
bulges (Grier et al. 2013; Woo et al. 2015). Therefore, we use the
results from the total sample including pseudobulges with the same
MBH − σ∗ relation like ellipticals and classical bulges.
From Table 5, we can’t find a significant correlation between
f and σ∗ (Rs = 0.23, 0.09, 0.09, 0.05 for four kinds of f ). For
σ∗ -basedMBH , it suggests that there is no significant correlation
between f and MBH , which is not consistent with the result by
Williams et al. (2018). We can’t find a significant correlation be-
tween FWHM-based f (Rs = −0.03,−0.09) and λLλ(5100A˚) or
the Eddington ratio LBol /LEdd (Rs = −0.13,−0.17), which are
consistent with the results byWilliams et al. (2018). It is found that
there are correlations between σ-based f and LBol /LEdd . We also
find that there are some significant relationships between f and the
MNRAS 000, 000–000 (0000)
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Figure 2. Left: fF,mean vs. FWHMmean . Black circles denote ellipticals. Red squares denote classical bulges. Gray triangles represent pseudobulges. The
solid line is our best-fitting relation derived from BCES(Y|X), the dash lines represent the 1 σ scatter range. The red lines are that only for 17 classical bulges
and ellipticals. Right: the SMBH mass calculated based on the fF,mean by Equation 6 (the left panel) versus σ∗ , the dash line is the MBH − σ∗ relation
(Kormendy & Ho 2013).
Figure 3. Left: fF,mean vs. DHβ . Right: the SMBH mass versus σ∗ . The symbols and the lines are the same as Fig. 2.
Figure 4. Left: fF,rms vs. FWHMrms . Right: the SMBH mass versus σ∗ . The symbols and the lines are the same as Fig. 2.
observational parameters. For fF,mean and fF,rms, they have sig-
nificant correlations with FWHMmean , DHβ (mean). However,
for fσ,mean and fσ,rms, they have no significant correlation (ex-
cept with σHβ,rms , LBol /LEdd ) considering their large pnull. Ex-
cluding pseudobulges, a smaller number of sources weaken these
significant correlations (see Table 5). In Table 5, fσ,rms has no sig-
nificant relation with FWHMmean , DHβ (mean), σHβ,mean , RFe
, and Rs = −0.26,−0.12,−0.27, 0.35, respectively. Woo et al.
(2010) also used a smaller sample to investigate the MBH scat-
ter relation with the Eddington ratio and line-shape measurements
from the mean spectrum, which is similar to the relations of fσ,rms
MNRAS 000, 000–000 (0000)
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with FWHMmean , DHβ (mean), σHβ,mean , RFe . They can not
find significant correlations, which is consistent with our results.
The left panel of Fig. 2 shows fF,mean versus FWHMmean
, where the same MBH − σ∗ relation like ellipticals and classi-
cal bulges is adopted for pseudobulges, i.e., unscaled f for pseu-
dobulges. We find that, for all source in our sample, fF,mean has
a strong correlation with FWHMmean , Rs = −0.60, pnull =
1.7 × 10−3. We use the bivariate correlated errors and scatter
method (BCES; Akritas & Bershady 1996) to perform this linear
regression. The BCES (Y|X) best-fitting relation for our total sam-
ple between fF,mean and FWHMmean is,
log fF,mean = −(1.11±0.27) log
FWHMmean
2000 km s−1
+(0.48±0.09),
(6)
The relation is plotted as solid line in the left panel of Fig. 2,
i.e., fF,mean ∝ FWHM
−1.11±0.27
mean . The dash line present 1σ
scatter range. In Fig. 2, it is found that AGNs with pseudob-
ulges follow this relation. Excluding pseudobulge (gray triangles),
i.e., only for ellipticals (black circles) and classical bulges (red
squares), Rs = −0.50, pnull = 0.041. The weaker correlation
is due to smaller number of AGNs excluding pseudobulges, and
the BCES (Y|X) best-fitting relation is log fF,mean = −(0.80 ±
0.45) log FWHMmean
2000 km s−1
+(0.36± 0.19) (red lines in Fig. 2). Adopt-
ing scaled f for pseudobulges, the correlation becomes weaker for
total sample (see Table 5). It is also consistent that the BLRs kine-
matics is independent to the morphology of galaxies, such as rela-
tive small bulges or bars. Considering that pseudobulges follow the
fF,mean−FWHMmean relation for classical bulges and ellipticals
(see Fig. 2), we use Equation 6 as the f calibration from the total
sample with f unscaled pseudobulges. We also use the BCES (Y|X)
to find the relations between fF,mean andDHβ (mean), FWHMrms
as follows,
log fF,mean = −(0.422± 0.095)DHβ(mean) + (1.12 ± 0.20),
log fF,rms = −(1.29± 0.38) log
FWHMrms
2000 km s−1
+ (0.57± 0.10),
(7)
For each object, using the best-fitting relation between
fF,mean and FWHMmean (Equation 6), we can calculate the
expected factor fF,mean from the observational parameter of
FWHMmean , and then calculate the calibrated MBH from Equa-
tion 2. We select some strong correlations in Table 5 to shown
in Figs 2, 3, 4. In the right panel of Fig. 2, we show the cali-
bratedMBH from fF,mean versus σ∗ , as well as the the relation by
Kormendy & Ho (2013) (dash line). With respect to thisMBH−σ∗
relation, the MBH scatter is 0.39 dex (shown in right corner in the
right panel of Fig. 2). With respect to two other relations shown
in Equations 6, the scatters are 0.41 dex and 0.39 dex, shown in
right corners in the right panel of Figs. 3, 4. These scatters inMBH
are smaller than that assuming a constant f = 1.5 suggested by
Ho & Kim (2014), which is about 0.49 dex.
From Equation 6, fF,mean ∝ FWHM
−1.11±0.27
mean . Com-
bining with Equation 2, MBH = f × V P ∝ FWHM
0.89
mean.
For the rms spectrum, fF,rms ∝ FWHM
−1.29±0.38
rms . Combining
with Equation 2, MBH = f × V P ∝ FWHM
0.71
rms . The in-
dex of 0.89, or 0.71 is deviated from usually assumed value of
2. It is consistent with the result by Park et al. (2012), although
their index is 1.73. They suggested a FWHM or σline depen-
dent virial factor f to correct for the systematic difference of the
geometry and kinematics of the gas contributing to the single-
epoch line profile and that contributing to the rms spectra. Re-
cently, based on accretion disk model to fit SED, it was suggested
that f has a relation with FWHM(Hβ ) and the slope is −1.17,
which is almost the same as ours (Mejia-Restrepo et al. 2018).
For NGC 5548, we also find a medium-strong correlation be-
tween fF,mean and FWHMmean with Rs = −0.56, pnull = 0.02
(Lu et al. 2016). The BCES (Y|X) best-fitting gives fF,mean =
(FWHMmean/2000 kms
−1)−0.97±0.42+(0.88±0.21). Although
it is consistent with that for all RM AGNs, the result of NGC 5548
means that the variation of an individual object could contribute
some scatter to the relation between fF,mean and FWHMmean .
These results imply the effect of inclination in BLRs geometry (e.g.
Shen & Ho 2014).
For narrow line Seyfert 1 galaxies (NLS1s), smaller
FWHM(Hβ) < 2000 km s−1 would lead to a larger fF,mean
than the usual adopted value of ∼ 1 (Equation 6). Adopting
FWHMmean < 2000 km s
−1 in our sample of 34 RM AGNs,
there are 9 NLS1s (Fig. 2). 7 out of 9 NLS1s are pseudobulges
with fF,mean ∼ 3 − 20. It was found that NLS1s have smaller
RBLR expected than that from the empirical RBLR − L relation
(Du et al. 2018). It is needed to consider the influence of these
two contributions on MBH calculation in NLS1s. On the other
hand, for AGNs with very broad double-peaked Hβ , their large
FWHMmean would lead to a smaller fF,mean. We also notice that
there are two AGNs with FWHMmean > 10000 km s
−1 with the
usual adopted value of f ∼ 1. Considering a smaller number of
these special AGNs, a large sample of RM AGNs of double-peaked
AGNs and NLS1s is needed for further investigation (Bian et al.
2007, 2008; Wang et al. 2013).
4 DISCUSSION
4.1 Cumulative fraction of f and the structure of BLRs
Fig. 5 shows the cumulative fraction of values of four kind of f
(top left: fF,mean; top right fF,rms; bottom left: fσ,mean, bottom
right: fσ,rms). The black line is for the total sample. The red line
is for classical bulge and elliptical. The bootstrap method is used
to obtain the confidence regions (90%) of the red line, which is
shown as the pink area. The dash line is for pseudobulge. The gray
dash line is for pseudobulge scaled with a factor of 3.8 suggested
by Ho & Kim (2014). The cumulative fraction of f could be tested
by BLRs models (Collin et al. 2006).
Assuming that BLRs are made of two dynamically distinct
component, i.e., a disk and a wind, the observational velocity vobs
could be expressed as (Collin et al. 2006),
vobs = [k
2
1(a
2 + sin2θ)V 2Kep + k
2
2V
2
outcos
2θ]1/2, (8)
where Vout is the outflow velocity, assumed to be normal to the
disk, and k1, k2 are the contributions of the thick disk and of the
wind, respectively, a is the ratio of the scale height of the thick
disk to the radius R, or the ratio of the turbulent velocity to the
local Keplerian velocity VKep at the radius R, θ is the inclination
of the thick-disk of BLRs to the line of sight. For a simple model
of thick-disk BLRs, we neglect the contribution of outflow in Hβ
profile, and vobs = (a
2 + sin2θ)1/2VKep. Considering the effect
of inclination θ in this model of thick-disk BLRs, the f is,
fdisk =
RBLRV
2
Kep/G
RBLRv2obs/G
=
V 2Kep
v2obs
=
1
a2 + sin2θ
, (9)
According to the unified scheme (Antonucci & Miller 1985), type
I AGNs can be observed for a inclination less than θ0. We adopt
θ0 = 45
o, a = 0.1 or 0.3 (Collin et al. 2006). θ can be calculated
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Figure 5. Cumulative fraction of values of four kind of f (top left: fF,mean; top right fF,rms; bottom left: fσ,mean, bottom right: fσ,rms), compared to the
theoretical distributions (blue dot dash lines) for two thick-disk models of a=0.1 and a=0.3. The offset factor is the value by which the theoretical value has
been divided to aid in comparison of the two distributions. The black line is for the total sample. The red line is for classical bulge and elliptical. The dash line
is for pseudobulge. The gray dash line is for pseudobulge scaled with a factor of 3.8 (Ho & Kim 2014). The bootstrap method is used to obtain the confidence
regions (90%) of the red line for classical bulges and ellipticals, which is shown as the pink area.
for a value of fdisk. The probability of seeing an object at an incli-
nation angle θ per unit angle interval is sinθ/(1− cosθ0). And the
theoretical cumulative fraction of fdisk (i.e. at an inclination angle
θ) can be calculated from the integral of solid angle from this θ to
θ = 0o. The theoretical lines of the cumulative fraction from the
thick-disk BLRs are shown as blue dot-dashed lines in Fig. 5.
Considering the difference between vobs and ∆V in Equa-
tion 2, there is an ”offset factor” (shown in these figures) by which
the theoretical fdisk has been divided to aid in comparison of
the theoretical distribution of fdisk and the observed distribution
fobs (Collin et al. 2006). The best fit is reached by minimizing
χ2, where 1σ error from bootstrap method is adopted. The values
of the ”offset factor” in the fitting are shown in Fig. 5. Adopt-
ing FWHM(Hβ ) as the tracer of vobs (top two panels in Fig.
5), for our subsample of 17 classical bulges and ellipticals, it is
found that the cumulative fractions of fF,mean and fF,rms are con-
sistent with the theoretical line (a = 0.1) for large values of f ,
χ2 = 0.353, 0.261. For a = 0.3, χ2 = 4.16, 3.10, which imply
that larger turbulence velocity is not required to model the fraction
distributions of fF,mean or fF,rms. For f unscaled or scaled pseu-
dobulge, this model of thick-disk BLRs has a larger fraction differ-
ence (χ2 = 2.64 or 0.85 for fF,mean and χ
2 = 2.56 or 2.06 for
fF,rms). Using σHβ to trace vobs for our subsample of 17 classical
bulges and ellipticals (bottom two panels in Fig. 5), the theoretical
line (a = 0.1) has a larger fraction difference (χ2 = 0.798, 1.21).
These results imply that FWHM(Hβ) has some dependence on the
inclination, while σHβ is insensitive to the inclination. It is con-
sistent with the result by Collin et al. (2006). For pseudobulge,
FWHM(Hβ) or σHβ seems insensitive to the inclination.
4.2 Comparison of f with the BLRs dynamical model
The cross-correlation and RBLR − L relation yield the BLRs size,
but they do not provide information about the gas structure or dy-
namics, which is needed to determine f for an individual AGN.
Recent efforts have aimed to measure f by modelling the structure
and dynamics of the BLR directly. Using BLRs dynamical mod-
els to fit simultaneously the variations in the Hβ flux and the de-
tailed shape of the Hβ profile, the fModelF,mean has been derived for 17
RMAGNs (Williams et al. 2018; Li et al. 2018). Pan et al. (2018)
measured the MBH of RM AGN 1H 0323+342 through the X-ray
variability. Sturm et al. (2018) used VLTI to resolve the emission
region of Paα and measured the MBH in 3C 273. It suggested
that log fF,mean = −0.09 ± 0.23. In Table 6, the f
Model
F,mean from
BLRs dynamical model, X-ray Variability, resolved Paα emission
region for 19 RM AGNs are presented. In Fig. 6, we show the
fModelF,mean versus Hβ FWHMmean for these 19 RM AGNs. For com-
parison, we also show our calibrated correlation of fF,mean with
MNRAS 000, 000–000 (0000)
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Figure 6. fModelF,mean versus FWHMmean of Hβ , where f
model
F,mean is cal-
culated from the BLRs dynamical modelling of the continuum light curve
and the Hβ line profiles, X-ray variability and resolved Paα emission re-
gion. The solid line is our calibration correlation of Equation 6 and the
dash lines show the range of 1 σ uncertainty.The blue line is the relation
from the method by the standard accretion disk model fit of AGNs SED
(Mejia-Restrepo et al. 2018). Different symbols denote different references
(see Table 6).
FWHMmean as a solid line. The blue line is the relation from
the method by the standard accretion disk model fit of AGNs SED
(Mejia-Restrepo et al. 2018), which is consistent well with our re-
lation shown as black solid line. Different symbols denote differ-
ent references. In Fig. 6, P14, G17, P18, W18, L18 and X18 S18
are Pancoast et al. (2014); Grier et al. (2017a); Williams et al.
(2018); Pancoast et al. (2018); Li et al. (2018); Pan et al. (2018);
Sturm et al. (2018), respectively. It is found that 12 out of 19 RM
AGNs follow our calibrated correlation with 1 σ uncertainty.
4.3 The MBH − σ∗ relation for High-z AGNs
Like the method to calculate theMBH scatter based on the calibra-
tion of f from the line width, i.e., the best-fitting relation between
fF,mean and FWHMmean (Equation 6), we can calculateMBH for
a high-z sample of 30 AGNs (z ∼ 0.1 − 1.0) from SDSS RM
Project (Grier et al. 2017b). In Fig. 7, MBH scatter is 0.66 dex.
These scatters in MBH are smaller than that assuming a constant
f = 1.5 suggested by Ho & Kim (2014), which is about 0.75 dex.
For SDSS RM AGNs with σ∗ lower than 100km s
−1 , they deviate
theMBH−σ∗ relation and locate above theMBH−σ∗ relation. For
AGNs with σ∗ larger than 100 km s
−1 , they followMBH − σ∗ re-
lation by Kormendy & Ho (2013), but with aMBH scatter of 0.49
dex. It is smaller than the scatter of 0.64 dex assuming a constant
f = 1.5 suggested by Ho & Kim (2014). For the total sample of
high-z SDSS RM AGNs, the relation betweenMBH and σ∗ is flat-
ter than that by Kormendy & Ho (2013). It is possibly due to their
un-coevolution between the SMBH and the bulge, or the large sys-
tematic uncertainties inMBH and σ∗ . A larger sample with better
measurements ofMBH and σ∗ is needed in the future.
Figure 7. The SMBH mass calculated based on the fF,mean by Equation 6
versus σ∗ for 30 SDSS RM AGNs, the dash line is theMBH − σ∗ relation
for quiescent galaxies (Kormendy & Ho 2013). The four green stars denote
AGNs with Hα lags. The vertical dot line is σ∗ =100 km s−1 .
5 CONCLUSIONS
Using a sample of 34 RM AGNs with measured bulge stellar ve-
locity dispersions σ∗ , we calculate the virial coefficient f based
on the MBH − σ∗ relation for quiescent galaxies suggested by
Kormendy & Ho (2013). For our sample of these 34 RM AGNs,
there are 8 classified as ellipticals, 9 classified as classical bulges,
17 classified as pseudobulges. The main conclusions can be sum-
marized as follows:
• Considering four tracers of the velocity of the BLRs clouds,
i.e., FWHM(Hβ) or σHβ from the mean or rms spectrum, there
are four kinds of the factor f . Each kind of f has a range of about
two order of magnitude. For K-S test between Pop A and Pop B,
prob(KS) for FWHM(Hβ)-based f is smaller than for the corre-
sponding σHβ-based f . For σHβ-based f , the difference between
Pop A and Pop B is smaller than for FWHM(Hβ)-based f .
• Significant correlations are found between FWHM-based f
and some observational parameters, e.g, FWHM(Hβ), σHβ , DHβ
. However, for σHβ-based f , these relations disappear or become
weaker. For our sample, fF,mean ∝ FWHM
−1.11±0.27
mean . For a sin-
gle object NGC 5548, a similar strong correlation between fF,mean
and FWHMmean is also found. These strong correlations suggest
a dependence of f on FWHM or σline and imply the effect of incli-
nation of BLRs to our line of sight. These strong correlations can
be used to calibrate the factor f . When using the FWHM from the
single-epoch spectrum to calculate theMBH , the variable FWHM-
based f should be considered, especially for NLS1s and double-
peaked AGNs.
• Using a simple model of thick-disk BLRs, we calculate the
theoretical cumulative fraction of f and compare with the distri-
butions of four kinds of f . It is found that the cumulative frac-
tions of fF,mean and fF,rms are consistent with the theoretical line
(a = 0.1) only for the classical bulge and ellipticals, where FWHM
is used as the tracer of vobs. This results imply that, as the tracer of
BLRs velocity, FWHM(Hβ ) has some dependence on the BLRs
inclination, while line σHβ is insensitive to the inclination. For
pseudobulges, FWHM(Hβ ) or line σHβ seems insensitive to the
MNRAS 000, 000–000 (0000)
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inclination. For a sample of 19 RM AGNs, BLRs dynamical model
and other independent methods gave their factor f in the SMBH
mass calculation. We find that 12 out of these 19 AGNs follow our
calibrated correlation between f and FWHMmean.
• Based on the FWHM(Hβ)-based f from the mean spectrum,
theMBH scatter is 0.39 dex. For a high redshift sample of 30 SDSS
RM AGNs with measured σ∗ , we find that the MBH scatter is
larger than that for our sample of 34 low redshift RM AGNs. It
implies the possibility of evolution of the MBH − σ∗ relation for
high-z AGNs.
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Table 1. The low-z RM AGNs sample with measured σ∗ for the calibration of f .
Name Alternate RFe σ∗ Bulge λLλ(5100A˚) τ FWHMmean FWHMrms σHβ,mean σHβ,rms VPF,mean VPσ,mean VPF,rms VPσ,rms Ref.
name km s−1 Type erg s−1 days km s−1 km s−1 km s−1 km s−1 106M⊙ 106M⊙ 106M⊙ 106M⊙
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16)
3C 120 · · · 0.39 162 ± 20 E/CB 43.96± 0.06 27.2+1.1−1.1 1430± 16 2539 ± 466 1687 ± 4 1514 ± 65 10.9
+0.5
−0.5 15.1
+0.6
−0.6 34.2
+12.6
−12.6 12.2
+1.2
−1.2 1,2
3C 390.3 · · · 0.14 273 ± 16 E 44.36± 0.03 47.9+2.4−4.2 13211 ± 28 10872 ± 1670 5377 ± 37 5455 ± 278 1631.5
+82.0
−143.2 270.3
+14.0
−24.0 1105.0
+344.0
−353.0 278.2
+31.6
−37.4 1,2
Ark 120 Mrk 1095 0.83 192 ± 8 CB 43.92± 0.06 34.7+6.6−8.9 6042± 35 5536 ± 297 1753 ± 6 1959 ± 109 247.2
+47.1
−63.5 20.8
+4.0
−5.3 207.5
+45.3
−57.7 26.0
+5.7
−7.3 1,2
43.57± 0.10 28.8+3.2−5.7 6246± 78 5284 ± 203 1862 ± 13 1884 ± 48 219.3
+25.0
−43.7 19.5
+2.2
−3.9 156.9
+21.2
−33.3 20.0
+2.4
−4.1 1,2
Arp 151 Mrk 40 0.32 118 ± 4 CB 42.50± 0.11 3.6+0.7−0.2 3098± 69 2357 ± 142 2006 ± 24 1252 ± 46 6.7
+1.3
−0.5 2.8
+0.5
−0.2 3.9
+0.9
−0.5 1.1
+0.2
−0.1 1,2
Mrk 50 · · · · · · 109 ± 14 CB 42.83± 0.06 8.7+1.6a−1.5 4101± 56
b 3355 ± 128b 2024 ± 31b 2020 ± 103b 28.4+5.4−5.0 6.9
+1.3
−1.2 19.0
+3.9
−3.6 6.9
+1.5
−1.4 1,3,4
Mrk 79 UGC 3973 0.33 130 ± 12 CB 43.57± 0.07 25.0+2.8−14.1 5056± 85 5086 ± 1436 2314 ± 23 2137 ± 375 124.7
+14.6
−70.5 26.1
+3.0
−14.7 126.2
+72.7
−100.7 22.3
+8.2
−14.8 1,2
43.67± 0.07 30.2+1.4−2.1 4760± 31 4219 ± 262 2281 ± 26 1683 ± 72 133.5
+6.4
−9.4 30.7
+1.6
−2.2 104.9
+13.9
−14.9 16.7
+1.6
−1.8 1,2
43.60± 0.07 16.8+7.1−2.2 4766± 71 5251 ± 533 2312 ± 21 1854 ± 72 74.5
+31.6
−10.0 17.5
+7.4
−2.3 90.4
+42.4
−21.8 11.3
+4.9
−1.7 1,2
Mrk 202 · · · 0.57 78± 3 PB 42.21± 0.18 3.5+0.1−0.1 1471± 18 1354 ± 250 867± 40 659± 65 1.5
+0.1
−0.1 0.5
+0.04
−0.04 1.3
+0.5
−0.5 0.3
+0.1
−0.1 1,2
Mrk 509 · · · 0.13 184 ± 12 E 44.13± 0.05 67.6+0.3−0.3 3015± 2 2715 ± 101 1555 ± 7 1276 ± 28 119.9
+0.6
−0.6 31.9
+0.3
−0.3 97.2
+7.2
−7.2 21.5
+0.9
−0.9 1,2
Mrk 590 NGC 863 0.45 189 ± 6 PB 43.07± 0.11 19.0+1.9−3.9 3729± 426 2566 ± 106 2169 ± 30 1935 ± 52 51.6
+12.9
−15.8 17.4
+1.8
−3.6 24.4
+3.2
−5.4 13.9
+1.6
−2.9 1,2
43.32± 0.08 31.8+3.4−8.6 2744± 79 2115 ± 575 1967 ± 19 1251 ± 72 46.7
+5.7
−12.9 24.0
+2.6
−6.5 27.8
+15.4
−16.9 9.7
+1.5
−2.9 1,2
43.59± 0.06 30.1+2.4−2.3 2500± 43 1979 ± 386 1880 ± 19 1201 ± 130 36.7
+3.2
−3.1 20.8
+1.7
−1.6 23.0
+9.2
−9.1 8.5
+2.0
−2.0 1,2
Mrk 1310 · · · 0.46 84± 5 CB 42.28± 0.17 4.2+0.9−0.1 2409± 24 1602 ± 250 1209 ± 42 755± 138 4.8
+1.0
−0.1 1.2
+0.3
−0.1 2.1
+0.8
−0.7 0.5
+0.2
−0.2 1,2
NGC 3227 · · · 0.46 92± 6 PB 42.36± 0.03 10.6+6.1−6.1 4445± 134 5278 ± 1117 1914 ± 71 2018 ± 174 40.9
+23.7
−23.7 7.6
+4.4
−4.4 57.6
+41.1
−41.1 8.4
+5.0
−5.0 1,2
NGC 3516 · · · 0.66 181 ± 5 PB 43.17± 0.15 14.6+1.4−1.1 · · · 5175 ± 96 · · · 1591 ± 19 · · · · · · 76.3
+7.8
−6.4 7.2
+0.7
−0.6 1,2
42.79± 0.20c 11.7+1.0d−1.5 5384± 269
c · · · 2201 ± 110c · · · 66.2+8.7−10.8 11.1
+1.5
−1.8 · · · · · · 2,5
NGC 3783 · · · 0.04 95± 10 PB 42.55± 0.18 7.3+0.3−0.7 3770± 68 3093 ± 529 1691 ± 19 1753 ± 141 20.2
+1.1
−2.1 4.1
+0.2
−0.4 13.6
+4.7
−4.8 4.4
+0.7
−0.8 1,2
NGC 4051 · · · 1.18 89± 3 PB 41.96± 0.29 2.5+0.1−0.1 · · · 1034 ± 41 · · · 927± 64 · · · · · · 0.5
+0.04
−0.04 0.4
+0.06
−0.06 1,2
41.96± 0.19c 1.9+0.5d−0.5 1072± 112
c · · · 543± 52c · · · 0.4+0.1−0.1 0.1
+0.03
−0.03 · · · · · · 2,5
NGC 4151 · · · 0.22 97± 3 CB 42.09± 0.22 6.0+0.6−0.2 · · · 4711 ± 750 · · · 2680 ± 64 · · · · · · 26.0
+8.7
−8.3 8.4
+0.9
−0.5 1,2
43.05± 0.03e 3.1+1.3e−1.3 6371± 150
e · · · 2311 ± 11e · · · 24.6+10.4−10.4 3.2
+1.3
−1.3 · · · · · · 2,6
NGC 4253 Mrk 766 0.99 93± 32 PB 42.57± 0.13 5.4+0.2−0.8 1609± 39 834 ± 1260 1088 ± 37 516± 218 2.7
+0.2
−0.4 1.2
+0.1
−0.2 0.7
+2.1
−2.1 0.3
+0.3
−0.3 1,2
NGC 4593 Mrk 1330 0.89 135 ± 6 PB 42.79± 0.18 4.5+0.7−0.6 5143± 16 4141 ± 416 1790 ± 3 1561 ± 55 23.2
+3.6
−3.1 2.8
+0.4
−0.4 15.1
+3.8
−3.6 2.1
+0.4
−0.3 1,2
NGC 4748 · · · 0.99 105 ± 13 PB 42.55± 0.13 8.6+0.6−0.4 1947± 66 1212 ± 173 1009 ± 27 657± 91 6.4
+0.6
−0.5 1.7
+0.1
−0.1 2.5
+0.7
−0.7 0.7
+0.2
−0.2 1,2
NGC 5548 · · · 0.10 195 ± 13 CB 42.95± 0.11 5.5+0.6−0.7 12771 ± 71 11177 ± 2266 4266 ± 65 4270 ± 292 175.1
+19.2
−22.4 19.5
+2.2
−2.6 134.1
+56.3
−57.0 19.6
+3.4
−3.7 1,2
NGC 6814 · · · 0.45 95± 3 PB 42.08± 0.29 7.4+0.1−0.1 3323± 7 3277 ± 297 1918 ± 36 1610 ± 108 15.9
+0.2
−0.2 5.3
+0.2
−0.2 15.5
+2.8
−2.8 3.7
+0.5
−0.5 1,2
NGC 7469 · · · 0.60 131 ± 5 PB 43.36± 0.10 11.7+0.5−0.7 1722± 30 2169 ± 459 1707 ± 20 1456 ± 207 6.8
+0.4
−0.5 6.7
+0.3
−0.4 10.7
+4.6
−4.6 4.8
+1.4
−1.4 1,2
PG 0921+525 Mrk 110 0.14 91± 7 E 43.62± 0.04 24.4+2.2−12.7 1543± 5 1494 ± 802 962± 15 1196 ± 141 11.3
+1.0
−5.9 4.4
+0.4
−2.3 10.6
+11.4
−12.6 6.8
+1.7
−3.9 1,2
43.69± 0.04 32.7+5.9−5.2 1658± 3 1381 ± 528 953± 10 1115 ± 103 17.5
+3.2
−2.8 5.8
+1.1
−0.9 12.2
+9.6
−9.5 7.9
+2.0
−1.9 1,2
43.47± 0.05 20.8+2.1−2.0 1600± 39 1521 ± 59 987± 18 755± 29 10.4
+1.2
−1.1 4.0
+0.4
−0.4 9.4
+1.2
−1.2 2.3
+0.3
−0.3 1,2
PG 1229+204 Mrk 771 0.53 162 ± 32 PB 43.64± 0.06 42.8+2.3−1.1 3828± 54 3415 ± 320 1608 ± 24 1385 ± 111 122.4
+7.4
−4.7 21.6
+1.3
−0.9 97.4
+19.0
−18.4 16.0
+2.7
−2.6 1,2
PG 1351+695 Mrk 279 0.55 197 ± 12 PB 43.64± 0.08 17.8+1.2−1.1 5354± 32 3385 ± 349 1823 ± 11 1420 ± 96 99.6
+6.8
−6.3 11.5
+0.8
−0.7 39.8
+8.6
−8.6 7.0
+1.1
−1.0 1,2
PG 1411+442 · · · 0.63 209 ± 30 CB 44.50± 0.02 53.5+13.1−5.3 2801± 43 2398 ± 353 1774 ± 29 1607 ± 169 81.9
+20.2
−8.5 32.9
+8.1
−3.4 60.0
+23.0
−18.6 27.0
+8.7
−6.3 1,2
PG 1426+015 Mrk 1383 0.46 217 ± 15 E 44.57± 0.02 161.6+6.9−11.1 7113± 160 6323 ± 1295 2906 ± 80 3442 ± 308 1595.6
+99.0
−131.0 266.3
+18.6
−23.4 1260.9
+519.3
−523.7 373.6
+68.7
−71.6 1,2
PG 1434+590 Mrk 817 0.69 120 ± 15 PB 43.73± 0.05 20.3+2.2−2.2 4711± 49 3515 ± 393 1984 ± 8 1392 ± 78 87.9
+9.7
−9.7 15.6
+1.7
−1.7 48.9
+12.2
−12.2 7.7
+1.2
−1.2 1,2
43.61± 0.05 16.7+1.8−2.6 5237± 67 4952 ± 537 2098 ± 13 1971 ± 96 89.4
+9.9
−14.1 14.3
+1.6
−2.2 79.9
+19.4
−21.3 12.7
+1.8
−2.3 1,2
43.61± 0.05 34.8+4.7−5.6 4767± 72 3752 ± 995 2195 ± 16 1729 ± 158 154.3
+21.4
−25.3 32.7
+4.4
−5.3 95.6
+52.3
−53.0 20.3
+4.6
−4.9 1,2
PG 1534+580 Mrk 290 0.29 110 ± 5 CB 43.00± 0.08 7.7+0.7−0.5 4543± 227
c 4270 ± 157c 1769 ± 88 1609 ± 47 31.0+4.2−3.7 4.7
+0.6
−0.6 27.4
+3.2
−2.7 3.9
+0.4
−0.3 1,2
PG 1617+175 Mrk 877 0.74 201 ± 37 E 44.33± 0.02 88.2+31.0−5.9 6641± 190 4718 ± 991 2313 ± 69 2626 ± 211 759.1
+270.3
−66.8 92.1
+32.8
−8.3 383.2
+209.9
−163.0 118.7
+45.9
−20.7 1,2
PG 2130+099 Mrk 1513 0.96 163 ± 19 PB 44.14± 0.03 35.0+5.0−5.0 1781± 5 2097 ± 102 1760 ± 2 1825 ± 65 21.7
+3.1
−3.1 21.2
+3.0
−3.0 30.0
+5.2
−5.2 22.8
+3.6
−3.6 1,2
SBS 1116+583A · · · 0.59 92± 4 PB 42.07± 0.28 2.4+0.9−0.9 3668± 186 3604 ± 1123 1552 ± 36 1528 ± 184 6.3
+2.4
−2.4 1.1
+0.4
−0.4 6.1
+4.4
−4.4 1.1
+0.5
−0.5 1,2
Fairall 9 · · · 0.49 228 ± 20i CB 43.92± 0.05 19.4+42.1−3.9 6000± 66 6901 ± 707 2347 ± 16 3787 ± 197 136.0
+296.0
−28.0 21.0
+45.0
−4.2 180.0
+393.0
−52.0 54.0
+118.0
−12.0 1,2,10
NGC 5273 · · · 0.58 74± 4f Ef 41.53± 0.14f 2.2+1.2f−1.6 5688± 163
f 4615 ± 330f 1821 ± 53f 1544 ± 98f 14.0+7.5−10.2 1.4
+0.8
−1.0 9.2
+5.1
−6.8 1.0
+0.6
−0.7 2,7
MCG+06-26-01 · · · 1.04 112 ± 15g PBh 42.67± 0.11d 24.0+8.4d−4.8 1334± 80
d · · · 785± 21d · · · 8.3+3.1−1.9 2.9
+1.0
−0.6 · · · · · · 2,5,8,9
a. The superscript a indicates the data comes from Williams et al. (2018) 4.2. b. The superscript b indicates the data comes from Barth et al. (2015) Table 5.
c. The superscript c indicates the data comes from Du et al. (2016) Table 1. d. The superscript d indicates the data comes from Du et al. (2015) Table 6 and
Table 7. e. The superscript e indicates the data comes from Collin et al. (2006) Table 1. f. The superscript f indicates the data comes from Bentz et al. (2014).
g. The superscript g indicates the data comes from Woo et al. (2015) Table 1. h. The superscript h indicates the bulge type derived from Wang et al. (2014).
i. The superscript i indicates the data comes from Oliva et al. (1995).
References: (1) Ho & Kim (2014), (2) Du et al. (2016), (3) Williams et al. (2018), (4) Barth et al. (2015), (5) Du et al. (2015), (6) Collin et al. (2006), (7)
Bentz et al. (2014), (8) Woo et al. (2015), (9) Wang et al. (2014), (10) Oliva et al. (1995)
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Table 2. The high-z RM AGNs observed by SDSS with measured σ∗ .
Line RMID z σ∗ FWHMmean FWHMrms σmean σrms VPF,mean VPσ,mean VPF,rms VPσ,rms
km s−1 km s−1 km s−1 km s−1 km s−1 106M⊙ 106M⊙ 106M⊙ 106M⊙
Hβ RM 17 0.456 191.4 ± 3.7 16318 ± 30 7758 ± 77 6937 ± 14 6101 ± 48 1325.1+566.4−301.4 239.5
+102.4
−54.5 299.5
+128.0
−68.1 185.2
+79.2
−42.1
Hβ RM 33 0.715 182.4 ± 21.7 1070 ± 30 1626 ± 243 776 ± 13 857± 32 5.9+2.2−2.0 3.1
+1.2
−1.0 13.7
+5.1
−4.5 3.8
+1.4
−1.3
Hβ RM 177 0.482 171.5 ± 10.7 5277 ± 39 4930 ± 163 2541 ± 9 2036 ± 39 54.9+67.9−14.7 12.7
+15.7
−3.4 47.9
+59.3
−12.8 8.2
+10.1
−2.2
Hβ RM 191 0.442 152.0 ± 8.5 1316 ± 94 1967 ± 76 845 ± 12 1030 ± 18 2.9+0.9−0.5 1.2
+0.4
−0.2 6.4
+1.9
−1.1 1.8
+0.5
−0.3
Hβ RM 229 0.47 130.2 ± 8.7 3055 ± 180 2377 ± 288 1722 ± 18 1781 ± 38 29.5+5.3−8.2 9.4
+1.7
−2.6 17.9
+3.2
−5.0 10.0
+1.8
−2.8
Hβ RM 267 0.587 97.1± 9.0 2647 ± 23 1998 ± 75 1305 ± 6 1202 ± 33 27.9+3.4−2.7 6.8
+0.8
−0.7 15.9
+1.9
−1.6 5.8
+0.7
−0.6
Hβ RM 300 0.646 109.4 ± 11.9 2110 ± 36 2553 ± 136 1153 ± 8 1232 ± 30 26.4+3.4−7.2 7.9
+1.0
−2.2 38.7
+5.0
−10.6 9.0
+1.2
−2.5
Hβ RM 301 0.548 176.9 ± 10.1 18920 ± 91 10477 ± 114 7061 ± 25 6259 ± 23 894.2+398.2−314.4 124.5
+55.4
−43.8 274.2
+122.1
−96.4 97.9
+43.6
−34.4
Hβ RM 305 0.527 150.5 ± 7.7 2616 ± 21 3172 ± 85 2331 ± 7 2126 ± 35 71.5+5.6−5.3 56.7
+4.5
−4.2 105.1
+8.3
−7.9 47.2
+3.7
−3.5
Hβ RM 320 0.265 66.4± 4.6 3917 ± 28 2718 ± 80 1569 ± 9 1462 ± 26 75.5+14.1−17.1 12.1
+2.3
−2.7 36.3
+6.8
−8.2 10.5
+2.0
−2.4
Hβ RM 338 0.418 83.3± 8.3 4701 ± 610 5136 ± 226 2670 ± 28 2291 ± 33 46.1+24.1−19.0 14.9
+7.8
−6.1 55.1
+28.8
−22.7 11.0
+5.8
−4.5
Hβ RM 377 0.337 115.3 ± 4.6 3555 ± 42 5654 ± 239 1648 ± 16 1789 ± 23 14.6+1.0−1.5 3.1
+0.2
−0.3 36.8
+2.5
−3.7 3.7
+0.3
−0.4
Hβ RM 392 0.843 77.2± 25.6 3540 ± 199 10839 ± 153 3120 ± 46 3658 ± 56 34.7+9.0−7.3 27.0
+7.0
−5.7 325.6
+84.8
−68.8 37.1
+9.7
−7.8
Hβ RM 399 0.608 187.2 ± 7.8 2675 ± 60 2578 ± 112 1429 ± 23 1619 ± 38 50.0+1.5−14.4 14.3
+0.4
−4.1 46.4
+1.4
−13.3 18.3
+0.6
−5.3
Hβ RM 457 0.604 110.0 ± 18.4 6404 ± 424 7451 ± 221 2988 ± 83 2788 ± 48 124.9+25.6−40.8 27.2
+5.6
−8.9 169.0
+34.7
−55.2 23.7
+4.9
−7.7
Hβ RM 601 0.658 214.9 ± 19.2 16168 ± 354 12673 ± 455 6705 ± 58 5284 ± 54 591.8+438.7−234.7 101.8
+75.5
−40.4 363.6
+269.6
−144.2 63.2
+46.9
−25.1
Hβ RM 622 0.572 122.9 ± 9.2 2565 ± 36 3234 ± 164 1369 ± 6 1423 ± 32 63.0+14.2−2.6 18.0
+4.1
−0.7 100.2
+22.7
−4.1 19.4
+4.4
−0.8
Hβ RM 634 0.65 119.4 ± 20.9 1154 ± 42 3422 ± 491 1059 ± 25 1527 ± 22 4.6+2.2−1.9 3.9
+1.9
−1.6 40.2
+19.6
−16.9 8.0
+3.9
−3.4
Hβ RM 772 0.249 136.5 ± 3.1 2439 ± 33 2078 ± 35 1065 ± 14 1026 ± 14 4.5+1.0−1.0 0.9
+0.2
−0.2 3.3
+0.8
−0.8 0.8
+0.2
−0.2
Hβ RM 775 0.172 130.4 ± 2.6 3072 ± 24 5010 ± 61 1578 ± 5 1818 ± 8 30.0+24.1−12.1 7.9
+6.3
−3.2 79.8
+64.1
−32.3 10.5
+8.4
−4.3
Hβ RM 776 0.116 112.4 ± 1.9 3700 ± 16 3111 ± 36 1501 ± 5 1409 ± 11 28.1+2.7−5.9 4.6
+0.4
−1.0 19.8
+1.9
−4.1 4.1
+0.4
−0.9
Hβ RM 779 0.152 57.1± 4.9 2670 ± 17 2709 ± 55 1249 ± 4 1205 ± 9 16.4+1.0−2.1 3.6
+0.2
−0.5 16.9
+1.0
−2.1 3.3
+0.2
−0.4
Hβ RM 781 0.263 104.7 ± 4.3 2515 ± 26 3340 ± 82 1169 ± 5 1089 ± 22 92.8+3.9−4.1 20.1
+0.9
−0.9 163.7
+7.0
−7.2 17.4
+0.7
−0.8
Hβ RM 782 0.362 129.5 ± 6.7 3070 ± 49 2730 ± 137 1378 ± 6 1353 ± 23 36.8+2.0−5.5 7.4
+0.4
−1.1 29.1
+1.6
−4.4 7.1
+0.4
−1.1
Hβ RM 790 0.237 204.4 ± 3.1 17112 ± 81 9448 ± 367 6813 ± 13 6318 ± 38 314.3+325.7−120.0 49.8
+51.6
−19.0 95.8
+99.3
−36.6 42.8
+44.4
−16.3
Hβ RM 840 0.244 164.3 ± 3.6 15735 ± 93 6580 ± 48 6596 ± 22 4457 ± 60 241.6+72.5
−67.6 42.5
+12.8
−11.9 42.2
+12.7
−11.8 19.4
+5.8
−5.4
Hα RM 17 0.456 191.4 ± 3.7 4159 ± 13 5604 ± 31 4509 ± 53 4569 ± 51 191.1+24.6
−51.0 224.6
+29.0
−59.9 346.9
+44.7
−92.5 230.6
+29.7
−61.5
Hα RM 88 0.516 128.5 ± 12.3 4451 ± 32 10290 ± 142 2449 ± 27 3320 ± 26 211.9+11.2
−19.7 64.1
+3.4
−6.0 1132.4
+59.9
−105.4 117.9
+6.2
−11.0
Hα RM 191 0.442 152.0 ± 8.5 2050 ± 18 1575 ± 60 858 ± 6 796± 23 13.7+3.4
−4.5 2.4
+0.6
−0.8 8.1
+2.0
−2.7 2.1
+0.5
−0.7
Hα RM 229 0.47 130.2 ± 8.7 2271 ± 34 2103 ± 365 1528 ± 10 1738 ± 31 22.2+7.7
−7.3 10.1
+3.5
−3.3 19.1
+6.7
−6.3 13.0
+4.5
−4.3
Hα RM 252 0.281 180.7 ± 4.0 6574 ± 69 7868 ± 66 4300 ± 26 3384 ± 71 85.2+20.2
−16.0 36.4
+8.6
−6.8 122.0
+29.0
−23.0 22.6
+5.4
−4.3
Hα RM 320 0.265 66.4± 4.6 3232 ± 12 2808 ± 41 1538 ± 3 1320 ± 17 41.2+21.4
−19.0 9.3
+4.8
−4.3 31.1
+16.2
−14.3 6.9
+3.6
−3.2
Hα RM 377 0.337 115.3 ± 4.6 2802 ± 17 2971 ± 114 1407 ± 10 1372 ± 40 8.7+0.8
−0.8 2.2
+0.2
−0.2 9.8
+0.9
−0.9 2.1
+0.2
−0.2
Hα RM 733 0.455 196.9 ± 16.6 3284 ± 21 3489 ± 84 1488 ± 7 1590 ± 24 111.6+18.3
−12.0 22.9
+3.8
−2.5 125.9
+20.7
−13.5 26.1
+4.3
−2.8
Hα RM 768 0.258 171.9 ± 2.8 6213 ± 9 6279 ± 20 3428 ± 16 3232 ± 40 317.2+20.3
−15.8 96.6
+6.2
−4.8 323.9
+20.8
−16.2 85.8
+5.5
−4.3
Hα RM 772 0.249 136.5 ± 3.1 2483 ± 9 2142 ± 11 1104 ± 2 907± 6 7.1+1.9
−1.2 1.4
+0.4
−0.2 5.3
+1.4
−0.9 0.9
+0.2
−0.2
Hα RM 776 0.116 112.4 ± 1.9 2877 ± 6 2794 ± 15 1426 ± 2 1185 ± 7 13.4+7.9
−3.7 3.3
+1.9
−0.9 12.6
+7.4
−3.5 2.3
+1.4
−0.6
Hα RM 779 0.152 57.1± 4.9 2453 ± 5 2643 ± 23 1126 ± 2 1018 ± 7 94.2+5.8
−7.4 19.8
+1.2
−1.6 109.3
+6.7
−8.6 16.2
+1.0
−1.3
Hα RM 790 0.237 204.4 ± 3.1 5769 ± 18 8898 ± 66 3532 ± 17 5157 ± 40 292.3+153.9
−25.3 109.6
+57.7
−9.5 695.3
+366.2
−60.3 233.6
+123.0
−20.2
Hα RM 840 0.244 164.3 ± 3.6 4593 ± 14 6027 ± 19 3002 ± 45 3927 ± 30 43.6+9.5
−9.9 18.6
+4.0
−4.2 75.1
+16.3
−17.0 31.9
+6.9
−7.2
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Table 3. TheMBH and four kinds factor of the low-z RM AGNs sample in Table 1.
Name Type logMBH/M⊙ log fF,mean log fσ,mean log fF,rms log fσ,rms
3C 120 E 8.09 ± 0.23 1.05+0.23−0.23 0.91
+0.23
−0.23 0.56
+0.28
−0.28 1.00
+0.24
−0.24
3C 390.3 E 9.08 ± 0.11 −0.13+0.12−0.11 0.65
+0.12
−0.11 0.04
+0.18
−0.17 0.64
+0.12
−0.12
Ark 120 CB 8.41 ± 0.08 0.02+0.14−0.11 1.09
+0.13
−0.11 0.10
+0.14
−0.12 1.00
+0.14
−0.12
0.07+0.12−0.09 1.12
+0.12
−0.09 0.22
+0.12
−0.10 1.11
+0.12
−0.09
Arp 151 CB 7.49 ± 0.06 0.66+0.07−0.11 1.04
+0.07
−0.10 0.90
+0.08
−0.12 1.44
+0.07
−0.10
Mrk 50 CB 7.34 ± 0.24 −0.12+0.25−0.26 0.50
+0.25
−0.26 0.06
+0.26
−0.26 0.50
+0.26
−0.26
Mrk 79 CB 7.67 ± 0.17 −0.43+0.30−0.18 0.25
+0.30
−0.18 −0.43
+0.38
−0.30 0.32
+0.33
−0.24
−0.45+0.18−0.18 0.18
+0.18
−0.18 −0.35
+0.18
−0.18 0.45
+0.18
−0.18
−0.20+0.18−0.25 0.43
+0.18
−0.25 −0.29
+0.20
−0.27 0.62
+0.19
−0.25
Mrk 202 PB 6.70 ± 0.07(6.12 ± 0.07) 0.52+0.08−0.08(−0.06
+0.08
−0.08) 1.00
+0.07
−0.07(0.42
+0.07
−0.07) 0.58
+0.18
−0.18(0.00
+0.18
−0.18) 1.22
+0.16
−0.16(0.64
+0.16
−0.16)
Mrk 509 E 8.33 ± 0.12 0.25+0.12−0.12 0.83
+0.12
−0.12 0.34
+0.13
−0.13 1.00
+0.12
−0.12
Mrk 590 PB 8.38 ± 0.06(7.80 ± 0.06) 0.67+0.14−0.12(0.09
+0.14
−0.12) 1.14
+0.11
−0.07(0.56
+0.11
−0.07) 0.99
+0.11
−0.08(0.41
+0.11
−0.08) 1.24
+0.11
−0.08(0.66
+0.11
−0.08)
0.71+0.13−0.08(0.13
+0.13
−0.08) 1.00
+0.13
−0.08(0.42
+0.13
−0.08) 0.94
+0.27
−0.25(0.36
+0.27
−0.25) 1.40
+0.14
−0.09(0.82
+0.14
−0.09)
0.82+0.07−0.07(0.24
+0.07
−0.07) 1.06
+0.07
−0.07(0.48
+0.07
−0.07) 1.02
+0.18
−0.18(0.44
+0.18
−0.18) 1.45
+0.12
−0.12(0.87
+0.12
−0.12)
Mrk 1310 CB 6.84 ± 0.11 0.16+0.11−0.14 0.76
+0.12
−0.16 0.52
+0.18
−0.20 1.14
+0.21
−0.21
NGC 3227 PB 7.32 ± 0.18 −0.29+0.31−0.31 0.44
+0.31
−0.31 −0.44
+0.36
−0.36 0.40
+0.32
−0.32
NGC 3516 PB 8.30 ± 0.05(7.72 ± 0.05) · · · · · · 0.42+0.06−0.07(−0.16
+0.06
−0.07) 1.44
+0.06
−0.07(0.86
+0.06
−0.07)
0.48+0.09−0.08(−0.10
+0.09
−0.08) 1.25
+0.09
−0.08(0.67
+0.09
−0.08) · · · · · ·
NGC 3783 PB 7.07 ± 0.20(6.49 ± 0.20) −0.23+0.20−0.20(−0.81
+0.20
−0.20) 0.46
+0.20
−0.20(−0.12
+0.20
−0.20) −0.06
+0.25
−0.25(−0.64
+0.25
−0.25) 0.43
+0.21
−0.21(−0.15
+0.21
−0.21)
NGC 4051 PB 6.95 ± 0.06(6.37 ± 0.06) · · · · · · 1.25+0.06−0.06(0.67
+0.06
−0.06) 1.35
+0.12
−0.12(0.77
+0.12
−0.12)
1.35+0.12−0.12(0.77
+0.12
−0.12) 1.95
+0.06
−0.06(1.37
+0.06
−0.06) · · · · · ·
NGC 4151 CB 7.49 ± 0.06 · · · · · · 0.07+0.15−0.15 0.56
+0.06
−0.07
0.09+0.19−0.19 0.98
+0.18
−0.18 · · · · · ·
NGC 4253 PB 7.03 ± 0.65(6.45 ± 0.65) 0.60+0.65−0.65(0.02
+0.65
−0.65) 0.95
+0.65
−0.65(0.37
+0.65
−0.65) 1.19
+1.44
−1.44(0.61
+1.44
−1.44) 1.56
+0.78
−0.78(0.98
+0.78
−0.78)
NGC 4593 PB 7.74 ± 0.08(7.16 ± 0.08) 0.38+0.10−0.11(−0.20
+0.10
−0.11) 1.30
+0.10
−0.10(0.72
+0.10
−0.10) 0.56
+0.13
−0.14(−0.02
+0.13
−0.14) 1.42
+0.10
−0.12(0.84
+0.10
−0.12)
NGC 4748 PB 7.26 ± 0.23(6.68 ± 0.23) 0.46+0.24−0.24(−0.12
+0.24
−0.24) 1.03
+0.23
−0.23(0.45
+0.23
−0.23) 0.87
+0.26
−0.26(0.29
+0.26
−0.26) 1.42
+0.26
−0.26(0.84
+0.26
−0.26)
NGC 5548 CB 8.44 ± 0.13 0.20+0.14−0.13 1.15
+0.14
−0.13 0.31
+0.22
−0.22 1.15
+0.15
−0.15
NGC 6814 PB 7.07 ± 0.06(6.49 ± 0.06) −0.13+0.06−0.06(−0.71
+0.06
−0.06) 0.35
+0.06
−0.06(−0.23
+0.06
−0.06) −0.12
+0.10
−0.10(−0.70
+0.10
−0.10) 0.51
+0.08
−0.08(−0.07
+0.08
−0.08)
NGC 7469 PB 7.69 ± 0.07(7.11 ± 0.07) 0.85+0.08−0.08(0.27
+0.08
−0.08) 0.86
+0.08
−0.07(0.28
+0.08
−0.07) 0.66
+0.20
−0.20(0.08
+0.20
−0.20) 1.00
+0.14
−0.14(0.42
+0.14
−0.14)
PG 0921+525 E 6.99 ± 0.14 −0.06+0.27−0.15 0.35
+0.27
−0.15 −0.03
+0.53
−0.48 0.16
+0.29
−0.18
−0.25+0.16−0.16 0.23
+0.16
−0.17 −0.09
+0.36
−0.37 0.09
+0.18
−0.18
−0.02+0.15−0.15 0.39
+0.15
−0.15 0.02
+0.15
−0.15 0.63
+0.16
−0.16
PG 1229+204 PB 8.09 ± 0.37(7.51 ± 0.37) 0.00+0.37−0.37(−0.58
+0.37
−0.37) 0.75
+0.37
−0.37(0.17
+0.37
−0.37) 0.10
+0.38
−0.38(−0.48
+0.38
−0.38) 0.89
+0.38
−0.38(0.31
+0.38
−0.38)
PG 1351+695 PB 8.46 ± 0.11(7.88 ± 0.11) 0.46+0.12−0.12(−0.12
+0.12
−0.12) 1.40
+0.12
−0.12(0.82
+0.12
−0.12) 0.86
+0.15
−0.15(0.28
+0.15
−0.15) 1.62
+0.13
−0.13(1.04
+0.13
−0.13)
PG 1411+442 CB 8.57 ± 0.27 0.66+0.27−0.29 1.06
+0.27
−0.29 0.80
+0.30
−0.32 1.14
+0.29
−0.30
PG 1426+015 E 8.65 ± 0.13 −0.56+0.13−0.13 0.22
+0.14
−0.13 −0.46
+0.22
−0.22 0.07
+0.15
−0.15
PG 1434+590 PB 7.52 ± 0.24(6.94 ± 0.24) −0.43+0.24−0.24(−1.01
+0.24
−0.24) 0.33
+0.24
−0.24(−0.25
+0.24
−0.24) −0.17
+0.26
−0.26(−0.75
+0.26
−0.26) 0.63
+0.24
−0.24(0.05
+0.24
−0.24)
−0.43+0.24−0.24(−1.01
+0.24
−0.24) 0.36
+0.24
−0.24(−0.22
+0.24
−0.24) −0.38
+0.26
−0.26(−0.96
+0.26
−0.26) 0.41
+0.25
−0.24(−0.17
+0.25
−0.24)
−0.67+0.25−0.24(−1.25
+0.25
−0.24) 0.00
+0.25
−0.24(−0.58
+0.25
−0.24) −0.46
+0.34
−0.33(−1.04
+0.34
−0.33) 0.21
+0.26
−0.25(−0.37
+0.26
−0.25)
PG 1534+580 CB 7.35 ± 0.09 −0.14+0.10−0.10 0.68
+0.10
−0.10 −0.09
+0.10
−0.10 0.76
+0.09
−0.10
PG 1617+175 E 8.50 ± 0.35 −0.38+0.35−0.38 0.54
+0.35
−0.38 −0.08
+0.39
−0.42 0.42
+0.35
−0.38
PG 2130+099 PB 8.10 ± 0.22(7.52 ± 0.22) 0.76+0.23−0.23(0.18
+0.23
−0.23) 0.77
+0.23
−0.23(0.19
+0.23
−0.23) 0.62
+0.23
−0.23(0.04
+0.23
−0.23) 0.74
+0.23
−0.23(0.16
+0.23
−0.23)
SBS 1116+583A PB 7.01 ± 0.08(6.43 ± 0.08) 0.21+0.18−0.18(−0.37
+0.18
−0.18) 0.97
+0.18
−0.18(0.39
+0.18
−0.18) 0.23
+0.32
−0.32(−0.35
+0.32
−0.32) 0.97
+0.21
−0.21(0.39
+0.21
−0.21)
Fairall 9 CB 8.74 ± 0.17 0.61+0.19−0.95 1.42
+0.19
−0.94 0.48
+0.21
−0.95 1.01
+0.19
−0.95
NGC 5273 E 6.60 ± 0.09 −0.54+0.33−0.25 0.46
+0.32
−0.26 −0.36
+0.33
−0.26 0.60
+0.32
−0.27
MCG +06-26-01 PB 7.39 ± 0.25(6.81 ± 0.25) 0.47+0.27−0.30(−0.11
+0.27
−0.30) 0.92
+0.27
−0.29(0.34
+0.27
−0.29) · · · · · ·
a. The superscript a indicates the mass of SMBH is measured by dynamic method comes from Davies et al. (2006). b. The superscript b indicates the mass of
SMBH is measured by dynamic method comes from Onken et al. (2014) Table 1.MBH and f are derived from two kinds ofMBH − σ∗ relation (Equation
1, β = 4.38 and α = −0.51 or α = −1.09 (in brackets) )
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Table 4. Distributions of the virial coefficient for different populations for low-z AGN RM sample in Table 1. Pop1: DHβ(mean) < 2.35, Pop2: DHβ
(mean) ≥ 2.35. PopA: FWHMmean < 4000km s−1, PopB: FWHMmean ≥ 4000km s−1. For lines of K-S test, the values are d, prob(KS). A small
value of prob(KS) shows a significantly different between two sets of data. Values of prob(KS) < 0.01 are highlighted in boldface.
Ellipticals and Classical bulges n ALL(PB unscaled) ALL(PB scaled by 1/3.80) n
MEAN SPECTRUM
log fσ,mean log fF,mean log fσ,mean log fF,mean log fσ,mean log fF,mean
total 0.76± 0.34 0.08± 0.46 17 0.84± 0.39 0.22± 0.48 0.57± 0.42 −0.05± 0.46 34
Pop1 0.71± 0.31 0.27± 0.48 8 0.79± 0.40 0.34± 0.52 0.47± 0.43 0.02± 0.53 20
Pop2 0.80± 0.39 −0.09± 0.38 9 0.92± 0.38 0.05± 0.37 0.71± 0.36 −0.16± 0.33 14
PopA 0.82± 0.27 0.45± 0.42 6 0.89± 0.35 0.46± 0.43 0.50± 0.42 0.07± 0.51 18
PopB 0.73± 0.39 −0.12± 0.35 11 0.79± 0.43 −0.05± 0.39 0.64± 0.42 −0.19± 0.37 16
K-S Pop1-Pop2 0.33, 0.64 0.43, 0.31 0.38, 0.14 0.38, 0.14 0.41, 0.09 0.32, 0.30
K-S PopA-PopB 0.47, 0.26 0.65, 0.04 0.40, 0.10 0.47, 0.03 0.37, 0.16 0.41, 0.08
RMS SPECTRUM
log fσ,rms log fF,rms log fσ,rms log fF,rms log fσ,rms log fF,rms
total 0.78± 0.37 0.17± 0.40 17 0.91± 0.42 0.31± 0.48 0.65± 0.41 0.05± 0.45 33
Pop1 0.87± 0.41 0.35± 0.43 8 0.92± 0.43 0.42± 0.53 0.61± 0.46 0.11± 0.53 19
Pop2 0.70± 0.34 0.01± 0.30 9 0.90± 0.43 0.16± 0.36 0.69± 0.32 −0.05± 0.30 14
PopA 1.00± 0.38 0.51± 0.33 6 1.03± 0.37 0.55± 0.43 0.65± 0.45 0.18± 0.50 17
PopB 0.66± 0.32 −0.02± 0.29 11 0.78± 0.45 0.05± 0.40 0.64± 0.36 −0.09± 0.35 16
K-S Pop1-Pop2 0.29, 0.79 0.51, 0.14 0.23, 0.75 0.44, 0.07 0.19, 0.90 0.35, 0.22
K-S PopA-PopB 0.56, 0.11 0.74, 0.01 0.39, 0.12 0.52, 0.01 0.23, 0.73 0.41, 0.09
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Table 5. The Spearman correlation coefficient and the uncorrelated probability of virial coefficient versus the others parameters for low-z AGN RM sample in
Table 1. Rs is the Spearman correlation coefficient and pnull is the probability of the null hypothesis. Values of Rs > 0.5 or pnull < 0.01 are highlighted in
boldface.
Elliptical and Classical bulges ALL(PB unscaled) ALL(PB scaled by 1/3.80)
Rs pnull Rs pnull Rs pnull Rs pnull Rs pnull Rs pnull
MEAN SPECTRUM
fσ,mean fF.mean fσ,mean fF,mean fσ,mean fF,mean
σ∗ 0.29 2.60E-01 0.11 6.90E-01 0.23 1.90E-01 0.09 6.10E-01 0.28 1.10E-01 0.17 3.40E-01
FWHMmean 0.01 9.60E-01 -0.50 4.10E-02 -0.08 6.40E-01 -0.60 1.70E-04 0.19 2.90E-01 -0.39 2.10E-02
σHβ,mean 0.04 8.70E-01 -0.31 2.20E-01 -0.12 4.90E-01 -0.40 2.00E-02 0.16 3.80E-01 -0.18 3.00E-01
DHβ (mean) 0.07 7.80E-01 -0.53 2.70E-02 0.07 7.00E-01 -0.57 3.90E-04 0.28 1.10E-01 -0.42 1.40E-02
FWHMrms 0.12 6.60E-01 -0.36 1.60E-01 -0.12 5.20E-01 -0.55 8.30E-04 0.12 3.40E-01 -0.36 5.30E-02
σHβ,rms 0.13 6.20E-01 -0.29 2.60E-01 -0.23 1.90E-01 -0.47 5.70E-03 0.13 7.20E-01 -0.29 1.80E-01
DHβ (rms) 0.05 8.50E-01 -0.32 2.20E-01 -0.02 9.10E-01 -0.47 6.30E-03 0.05 7.30E-01 -0.32 1.30E-02
RFe 0.04 8.70E-01 -0.14 6.20E-01 0.32 7.40E-02 0.32 7.20E-02 -0.07 7.10E-01 0.02 9.00E-01
τ -0.18 4.90E-01 -0.12 6.50E-01 -0.25 1.60E-01 -0.11 5.30E-01 -0.13 4.70E-01 -0.02 9.00E-01
λLλ(5100 A˚) -0.05 8.50E-01 -0.01 9.70E-01 -0.10 5.80E-01 -0.03 8.80E-01 0.06 7.30E-01 0.12 5.10E-01
LBol /LEdd -0.50 4.00E-02 -0.13 6.30E-01 -0.39 3.20E-02 -0.13 4.60E-01 -0.63 6.70E-05 -0.17 3.50E-01
RMS SPECTRUM
fσ,rms fF,rms fσ,rms fF,rms fσ,rms fF,rms
σ∗ 0.11 6.80E-01 0.10 6.90E-01 0.09 6.20E-01 0.05 7.60E-01 0.11 1.40E-01 0.10 3.50E-01
FWHMmean -0.20 4.50E-01 -0.46 6.40E-02 -0.26 1.40E-01 -0.55 8.30E-04 -0.20 9.50E-01 -0.46 3.50E-02
σHβ,mean -0.14 5.90E-01 -0.28 2.80E-01 -0.27 1.30E-01 -0.43 1.20E-02 -0.14 9.50E-01 -0.28 2.50E-01
DHβ (mean) -0.14 6.00E-01 -0.51 3.70E-02 -0.12 4.90E-01 -0.47 6.40E-03 -0.14 7.20E-01 -0.51 4.80E-02
FWHMrms -0.12 6.60E-01 -0.38 1.30E-01 -0.35 4.90E-02 -0.63 7.70E-05 -0.12 8.40E-01 -0.38 1.90E-02
σHβ,rms -0.18 4.90E-01 -0.31 2.30E-01 -0.53 1.40E-03 -0.6 2.50E-04 -0.18 2.10E-01 -0.31 5.10E-02
DHβ (rms) 0.24 3.50E-01 -0.28 2.80E-01 0.05 7.80E-01 -0.42 1.50E-02 0.24 4.20E-01 -0.28 1.40E-02
RFe 0.02 9.50E-01 0.02 9.40E-01 0.35 4.70E-02 0.39 2.80E-02 0.03 8.90E-01 0.10 5.50E-01
τ -0.35 1.70E-01 -0.15 5.70E-01 -0.32 6.80E-02 -0.20 2.60E-01 -0.35 4.90E-01 -0.15 6.60E-01
λLλ(5100 A˚) -0.22 4.10E-01 -0.06 8.20E-01 -0.20 2.60E-01 -0.09 6.10E-01 -0.22 8.80E-01 -0.06 7.10E-01
LBol /LEdd -0.49 4.60E-02 -0.20 4.30E-01 -0.44 1.10E-03 -0.17 3.30E-01 -0.47 6.30E-03 -0.20 2.60E-01
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Table 6. The factor f derived from the BLRs dynamical model, X-ray variability, resolved Paα emission region for 19 AGNs.
Name τ FWHMmean log VPF,mean logMBH log fF,mean ref.
(light days) (km s−1) (M⊙) (M⊙)
Mrk 1310 4.20+0.90−0.10 2409 ± 24 6.68
+0.09
−0.01 7.42
+0.26
−0.27 0.74
+0.26
−0.28 P14,1
NGC 5548 5.50+0.60−0.70 12771 ± 71 8.24
+0.05
−0.05 7.51
+0.23
−0.14 −0.73
+0.24
−0.15 P14,1
NGC 6814 7.40+0.10−0.10 3323 ± 7 7.20
+0.01
−0.01 6.42
+0.24
−0.18 −0.78
+0.24
−0.18 P14,1
SBS 1116+583 2.40+0.90−0.90 3668 ± 186 6.80
+0.17
−0.17 6.99
+0.32
−0.25 0.19
+0.36
−0.30 P14,1
Mrk 335 14.10+0.40−0.40 1273 ± 64 6.65
+0.04
−0.04 7.25
+0.10
−0.10 0.60
+0.11
−0.11 G17,2
Mrk 1501 15.50+2.20−1.80 3494 ± 35 7.57
+0.06
−0.05 7.86
+0.20
−0.17 0.29
+0.21
−0.18 G17,2
3C 120 27.20+1.10−1.10 1430 ± 16 7.04
+0.02
−0.02 7.84
+0.14
−0.19 0.80
+0.14
−0.19 G17,2
PG 2130+099 35.00+5.00−5.00 1781 ± 5 7.34
+0.06
−0.06 6.92
+0.24
−0.23 −0.42
+0.25
−0.24 G17,1
Arp 151 3.60+0.70−0.20 3098 ± 69 6.83
+0.09
−0.03 6.66
+0.26
−0.17 −0.17
+0.26
−0.19 P18,1
Arp 151 5.61+0.66−0.84 2021 ± 17 6.65
+0.05
−0.06 6.93
+0.33
−0.16 0.28
+0.34
−0.17 P18,1
Arp 151 7.52+1.43−1.06 2872 ± 90 7.08
+0.09
−0.07 6.92
+0.50
−0.23 −0.16
+0.50
−0.25 P18,3
Mrk 50 8.66+1.63−1.51 4101 ± 56 7.45
+0.08
−0.08 7.50
+0.25
−0.18 0.05
+0.26
−0.20 W18,4
PG 1310-108 4.50+1.40−1.00 3422 ± 21 7.01
+0.13
−0.10 6.48
+0.21
−0.18 −0.53
+0.23
−0.22 W18,4
Mrk 141 5.63+8.27−1.65 5129 ± 45 7.46
+0.63
−0.13 7.46
+0.15
−0.21 0.00
+0.20
−0.66 W18,4
PG 1351+695 16.00+5.30−5.60 4099 ± 43 7.72
+0.14
−0.15 7.58
+0.08
−0.08 −0.14
+0.17
−0.16 W18,4
Mrk 1511 5.44+0.74−0.67 4154 ± 28 7.26
+0.06
−0.05 7.11
+0.20
−0.17 −0.15
+0.21
−0.18 W18,4
NGC 4593 3.54+0.76−0.82 4264 ± 41 7.10
+0.09
−0.10 6.65
+0.27
−0.15 −0.45
+0.29
−0.17 W18,4
ZW 229-15 3.86+0.69−0.90 3705 ± 203 7.01
+0.09
−0.11 6.94
+0.14
−0.14 −0.07
+0.18
−0.17 W18,4
Mrk 142 7.90+1.20−1.10 1588 ± 58 6.59
+0.07
−0.07 6.23
+0.26
−0.45 −0.36
+0.27
−0.46 L18,5
1H 0323+342 14.80+3.90−2.70 1388 ± 32 6.75
+0.12
−0.08 6.68
+0.22
−0.22 −0.07
+0.23
−0.25 X18,6
3C 273 146.8+8.3−12.1 3314 ± 59 8.50
+0.03
−0.04 8.41
+0.23
−0.23 −0.09
+0.23
−0.23 S18,7
References: The logMBH measured by BLR dynamical model, X-ray variability and resolve the Paα emission region from P14, G17, P18, W18, L18, X18,
S18 which come from Pancoast et al. (2014); Grier et al. (2017a); Williams et al. (2018); Pancoast et al. (2018); Li et al. (2018); Pan et al. (2018);
Sturm et al. (2018), respectively. The references of τ and FWHMmean come from (1) Table 1 in this paper; (2) Grier et al. (2012); (3) Valenti et al.
(2015); (4) Barth et al. (2015); (5) Hu et al. (2015); (6) Wang et al. (2016); (7) Zhang et al. (2019)
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